Objectives.-To determine if packweight, anthropometry, and individual characteristics are related to acute musculoskeletal and soft tissue injuries while wearing backpacks on wilderness expeditions.
Introduction
Interest in wilderness hiking has increased substantially in the past few decades, with trails such as the Appalachian Trail (AT) reporting an increase of several thousand hikers per year since the 1960s. 1 Many hikers have also taken up the sport of ultralight backpacking. 1 However, there is a paucity of data in the literature that explores the relationship between packweight and injury rates in hikers. Also, few data explore the association between the height, body weight, age, and gender of the backpacker and the odds of suffering a musculoskeletal or soft tissue injury.
A cross-sectional study published in 2009 reported an association between packweight and the prevalence of paresthesias among long distance hikers on the AT and the Pacific Crest Trail (PCT). 2 However, it reported no significant association between packweight and muscle or tendon injuries, joint problems, or fractures. 2 Military studies also provide information regarding injury patterns and risk factors that can be extrapolated to recreational hikers. [3] [4] [5] One study examining wilderness incidents reported many varied injuries during hiking and suggested that the correlation between packweight and injury should be further elucidated. 6 Although the above studies attempted to describe backpack-related injuries and report risk factors for backpack-related injuries, the numbers of individuals in these studies were often relatively small, partially because of the difficulty in collecting data on hikers. We examined packweight, height, body weight, age, and gender and how these factors correlate with the incidence of musculoskeletal and soft tissue injuries while hiking with a backpack on wilderness expeditions conducted by the National Outdoor Leadership School (NOLS). NOLS is a wilderness education school that was started in 1965. 6 Approximately 3000 students enroll each year and participate in an average of 150,000 days of field activities annually. 7 Identifying these risk factors may allow wilderness organizations and individuals to reduce the incidence of injuries on their backpacking expeditions.
Methods
We conducted a review of prospectively gathered data on packweight, height, and body weight that was collected from instructors and students participating in NOLS Rocky Mountain hiking courses from March 1, 2008 to October 3, 2009 . Height and body weight were self-reported by the participants and instructors at the start of the expedition. Packweight was measured using a Hanson Model 9810 scale that was calibrated at the beginning of the NOLS season to within 2.2 kg of accuracy. Packweight was measured at the beginning of the course when students departed from the NOLS base and included the weight of 1 L of water contained in the pack (1 L water ϭ 1 kg).
NOLS maintains a database of all reportable medical incidents that occur during their courses. To be considered a reportable incident, an injury or illness must require more than simple first aid, need follow-up care or the use of prescription medications, interfere with active participation for 12 hours beginning the next day (lost-day case), require evacuation, or be considered a near miss (the incident could have resulted in an injury or illness but did not, eg, a "close call"). Instructors in the field report incidences using special report forms. 6 For the purposes of our study, an "injury" was defined as an acute musculoskeletal or soft tissue injury that was sustained while hiking with a pack. This definition also included cases in which an individual suffered a similar injury in the past, but the current injury was acute ("acute on chronic"). If the injury met criteria for a reportable incident, additional data were collected which described the incident in greater detail. Evacuation was defined as a situation that required a participant to leave the field.
Logistic regression was used to determine if a relationship existed between the independent variables and an injury that occurred while hiking with a pack. Odds ratios, including their respective confidence intervals and p-values, were reported for each independent variable. A p-value less than 0.05 was considered statistically significant. Descriptive statistics and logistic regression were performed using SPSS (v.16, SPSS, Inc., Chicago, IL). This study was reviewed and approved by the University of Utah Institutional Review Board. Informed consent was waived.
Results
Over the study period, NOLS collected data on 1283 individuals who took part in NOLS Rocky Mountain hiking courses. Eighty-two of the initial 1283 individuals were excluded from the final analysis because of incomplete data. Three of the 82 excluded individuals suffered injuries. Of the 3 excluded individuals, 2 were male and 1 was female, the average age was 40.3 years, and the average packweight was 15.0 kg.
The majority of included participants were male, representing 67.9% of the population. Twenty-six individuals (2.2%) suffered an acute musculoskeletal injury while hiking with a pack. Descriptive characteristics of the injured and study population are included in Table 1 . The weight of the packs ranged from 9.1 to 38.6 kg. The injured population was 53.8% male and 46.2% female. Of the 26 injured Injured population n ϭ 26; uninjured population n ϭ 1175. individuals, 21 of the injuries were acute and 5 were acute on chronic. Twenty of the injured individuals required evacuation, and 6 did not. Details regarding the anatomic location of injuries are included in Table 2 . Twenty-two (84.6%) of the injuries were sustained to the lower extremity. The factors related to the injuries are shown in Table 3 . There was no specific contributing factor recorded in the majority of injuries; however, when a contributing factor was listed, falls were most common. Univariate logistic regression analysis revealed no significant relationship between height, body weight, packweight, packweight to body weight ratio, age, or gender and injuries that occurred while hiking with a pack (Table 4 ). Packweight to body weight ratio trended towards significance on univariate analysis (p ϭ .09), but ceased to trend in this direction on the multivariate analysis. Other variables remained nonsignificant in the multivariate analysis.
Discussion
Our study reports no significant relationship between height, body weight, packweight, age, gender, and packweight to body weight ratio and the risk of significant musculoskeletal or soft tissue injuries while hiking with a backpack. Out of a population of 1283 individuals, there was a relatively low incidence of reported injuries. The majority of injuries were to the ankles and the knees, and the most common mechanism of injury was a fall.
Based on the analysis of our data, the risk factors for injury while hiking with a backpack remain elusive. Our study evaluated several potential risk factors, but failed to find any that were significantly correlated with injury. As was suggested in the paper by Anderson et al, 1 many hikers believe that lighter packs prevent injury. However, our results do not support that claim; neither the independent weight of the pack nor the packweight to body ratio appeared to correlate with injury. The other potential contributors to injury are many. Footwear or clothing may have played a role. The weather and the distance of the hike may also have been a factor. Additionally, the physical fitness and hiking experience of the individual may also be significant. If these parameters could be evaluated, perhaps a true risk factor would emerge. However, the logistics of collecting and quantifying physical fitness and experience may prove difficult. Collecting information on weather, footwear, and clothing may also prove to be impractical.
Although we were unable to determine significant risk factors, we were able to collect descriptive data regarding the circumstances of the injuries and the body parts injured. Two important finding are that most injuries were to the knees and ankles and that most injuries were secondary to falls or overuse when a mechanism was recorded. In addition to injuries of the knee and ankle, other anatomical locations were injured, but to a much lesser degree. These findings are consistent with previous studies published using information from NOLS expeditions.
6 -8 However, they do not correlate with military studies. [3] [4] [5] A search of the literature reveals several military studies that have evaluated injury patterns in soldiers after marches with a pack and the associated risk factors. [3] [4] [5] Reynolds et al conducted a study of 218 United States infantry soldiers carrying an average weight of 47 Ϯ 5 kg for 161 km. 5 They reported that blisters and unspecified foot pain were the most common injuries reported. They also determined that younger age (Ͻ 20 years) was an independent risk factor for both blisters and musculoskeletal injuries and that height was not a significant risk factor for either of these conditions. 5 Although our study does corroborate their findings, in regards to height, our results do not corroborate their findings in regards to age. Knapik et al suggested that increased packweights lead to an increased incidence of blisters. 4 A study of 15 male soldiers carrying packs of various weights found that soldiers marching with a 61 kg pack had a significantly higher rate of blisters than soldiers marching with a 34 or 48 kg pack. 4 Although blisters may occur during NOLS trips, they are not reported unless they meet the aforementioned criteria for a significant reportable injury; therefore, our study did not evaluate the correlation between packweight and blister formation. The military studies mentioned above were relatively small study populations, and it may be difficult to extrapolate these results to the civilian population. Importance of blister prevention may also have been a confounding factor. NOLS has a very low threshold for intervention to prevent blisters. Therefore, blisters that did occur during NOLS trips may have been treated earlier before they reached a level of severity that required reporting by NOLS staff.
Civilian studies are limited to a small number of published papers. A case control and a cross-sectional study, which both evaluated civilian long-distance hikers, found no association between packweight and the rate of injuries.
1 Also, 3 previously published studies which analyzed NOLS expeditions have reported injury patterns during NOLS courses, but did not statistically evaluate the risk factors for these injuries. 6 -8 Gentile et al reviewed illnesses and injuries that occurred during NOLS courses between September 1984 and September 1989. 7 They concluded that sprains, strains, and soft tissue injuries were the most common and that the ankle and the knee were the most commonly injured anatomical locations. A study by Leemon and Schimelpfenig analyzed NOLS expeditions between September 1998 and August 2002. 6 These authors also concluded that sprains, strains, and soft tissue injuries were most common, And, consistent with the previous study and ours, knees and ankles were the most common locations of athletic injuries. In addition, this study by Leemon and Schimelpfenig reported that falls and overuse were the most common contributing factors to injuries, which is also consistent with our findings. A final study by McIntosh et al reviewed NOLS expeditions between September 2002 and August 2005. 8 Once again, athletic and soft tissues injuries were found to be the most common type of injury. Hiking was the most common activity during which participants were injured. The results of our study closely compare to the results of these 3 previous studies, suggesting that certain injury patterns during NOLS courses have remained consistent over the past several years. However, different patterns emerge on review of the other existing literature on hiking and backpack related injuries. Multiple factors may contribute to this discrepancy, such as the fitness of the individual, type of terrain, weather, duration of the hike, and equipment used.
NOLS attempts to reduce injury rates through course design and precourse fitness training. Courses are designed so that physical exertion begins gradually, with an emphasis on warming-up and stretching before hiking and strenuous activities. Students are taught how to hike on rugged and uneven terrain and that it is acceptable to ask for assistance when picking up and putting on packs. Students are also advised to prepare physically for their NOLS course, based on specific recommendations.
NOLS also takes measures to reduce the weight carried by participants, based in part on the assumption that reduced packweight correlates with a reduced risk of injury. Our study does not support the efficacy of this strategy as a preventative measure. However, because of strongly held beliefs that packweight is correlated with injury rates, and the fact that our study is the only one to date that does not support this hypothesis, further research will be necessary to confirm the results of our data analysis and justify policy change. Our study highlights the need for further research in this area. At this time, the NOLS injury prevention strategy will continue to include packweight reduction both for student comfort and because of the continued belief that health and packweight are significantly correlated. Packweight may not be a significant risk factor for injury; however, packweight may impact the comfort and enjoyment of the hiker.
Our study did not evaluate other factors that are affected by packweight, such as comfort and the distance traveled; however, our results suggest that reducing packweight is not the "magic bullet" for hiking injury prevention. We should look further to understand the factors that contribute to injury. Education, course design, and precourse training may be more important. Although NOLS recommends conditioning prior to their courses, participants may not adhere to these recommendations, and, therefore, not be in appropriate physical condition when they arrive for their course. Additional education could also be provided regarding hiking on challenging terrain. Increased course planning may reduce injury rates, in particular, by avoiding terrain that may predispose to knee and ankle injuries. However, to our knowledge, there are no peer-reviewed studies that specify such terrain. Further studies will be necessary to determine what type of terrain is most likely to contribute to injuries and if the current interventions, such as precourse conditioning, have a significant impact on injury rates. These studies should also focus on additional variables, such as footwear, weather conditions, and level of physical fitness and attempt to collect more cases to increase the number included in the final statistical analysis.
Limitations
Our study was limited by multiple factors. The weight of each participant's pack was measured at the beginning of the NOLS trip but not during the trip or at the time of their injury. Therefore, a discrepancy between the weight of the pack on the day of injury and the initial recorded weight could have existed. This difference may have been secondary to the equipment carried and/or the food and water carried at the time of injury. Relatively few injuries were recorded. The identification and diagnosis of injuries during the NOLS courses was based on the assessment of an instructor with medical training at the level of a wilderness first responder or wilderness emergency medical technician. With this level of medical training and without imaging studies, it is possible that some of the types and severity of injury may have been misclassified and the need for evacuation incorrectly assessed.
Thirty-nine of the participants during the study period were enrolled in a "light and fast backpacking" course that utilized lighter weight backpacks. Data were missing from 17 of the 39 participants involved in this course, however, and it was not feasible to determine if the design of this course statistically affected injury rates. Height and/or weight data were also missing from 3 of the individuals in the injured population. Age, gender, and packweight data were available for these 3 individuals. Consistent with the included data, approximately two-thirds of these individuals were male. However, the age of the excluded individuals was greater and the packweight was less when compared to these respective values in the included injured population. It is possible that these individuals may have skewed the results, given the fact that the injured population was relatively small. If more injuries occurred or if data were collected over a longer period of time, perhaps significant differences may have been detected between injured and uninjured individuals. Our study design did not allow us to correlate the distance hiked to the rate of injury. In addition to the distance hiked, we also had no record of the weather conditions that may have played a role. NOLS instructors followed an established protocol to determine if an individual had suffered a recordable injury. If the instructors were not aware an injury had occurred (eg, the injured person did not notify his or her instructor), then those cases would have been missed. If additional parameters were collected for each individual, such as clothing type, footwear, or physical fitness level, perhaps a significant correlation may have been found. Finally, our study population contained young adults, but no one under the age of 13; therefore, our results cannot be extrapolated to the young pediatric population.
Conclusion
Significant musculoskeletal and soft tissue injuries occur with a relatively low incidence while hiking with a pack during NOLS Rocky Mountain courses. The injuries that do occur are most commonly to the ankle and knee and are secondary to falls. Our study did not find any significant risk or protective factors for the injuries that did occur. Height, body weight, packweight, age, gender, and the packweight to body weight ratio do not appear to predict whether or not an individual will experience an injury. Further studies are needed to elucidate the specific risk factors for these injuries so that the appropriate preventative measures can be taken.
